OBJECTIVES: Surgical mitral repair is the conventional treatment for severe symptomatic functional mitral regurgitation (FMR). Mitraclip therapy is an emerging option for selected high-risk patients with FMR. The aim of this study was to report the outcomes of patients who underwent a surgical mitral repair and Mitraclip therapy for FMR in our experience.
INTRODUCTION
Functional mitral regurgitation (FMR) is a frequent complication in heart failure patients with post-ischaemic or idiopathic dilated cardiomyopathy due to left ventricular (LV) dysfunction and remodelling [1] . Surgical repair of severe FMR in this setting has been demonstrated to improve symptoms and quality of life leading to reverse LV remodelling in a significant proportion of the patients [2] [3] [4] . Undersized mitral annuloplasty represents the standard practice in the surgical treatment of FMR [2] . However, perioperative mortality after mitral surgery for FMR is not negligible [5] . Moreover, a large number of patients with FMR are not referred for surgery, and many other patients are rejected for open heart surgery because of a predicted high surgical risk or comorbidities [6] . Thus, new percutaneous techniques have been recently developed to treat MR with less-invasive approaches. The MitraClip system (Abbott Vascular, Menlo Park, CA, USA) is a percutaneous edge-to-edge procedure that mimics the surgical procedure [7] . Percutaneous mitral repair with the MitraClip device has been used to treat both functional and degenerative MR [8] [9] [10] .
The aim of the present study was to report the in-hospital and mid-term outcomes of surgical mitral repair and MitraClip therapy to treat symptomatic patients with severe FMR and severe LV dysfunction due to both idiopathic and post-ischaemic dilated cardiomyopathy.
METHODS
We retrospectively analysed the clinical and echocardiographic data of a cohort of selected patients who underwent surgical mitral repair with undersized annuloplasty with or without coronary artery bypass grafting between 2001 and 2011 and all the patients who underwent MitraClip therapy between 2008 and 2011 for severe (4+/4+, vena contracta ≥7 mm) or moderately severe (3+/4+, vena contracta = 5.5-6.9 mm) symptomatic and refractory to medical therapy FMR, for ischaemic or idiopatic dilated cardiomyopathy. Selection criteria for the surgical patients were: only the patients with 100% complete clinical and echocardiographic baseline and follow-up data were included in order to make matched comparisons with the MitraClip group; only the patients who had mitral repair with an isolated undersized annuloplasty were included; patients with a concomitant mitral repair technique associated with undersized annuloplasty were excluded. All the patients of the MitraClip group had 100% complete clinical and echocardiographic baseline and follow-up data. All the patients underwent preoperative coronary angiogram and transesophageal Doppler echocardiography (TEE). Clinical, Doppler echocardiographic, operative, and outcome data were collected prospectively. The study protocol was performed in accordance with the institutional ethics committee, and all patients gave informed written consent for the procedures. The need for consent to participate in this research study was waived in view of its observational and anonymous nature.
Surgical mitral repair
All patients underwent surgery through a midline sternotomy and hypothermic cardiopulmonary bypass. The mitral valve (MV) was approached through a conventional left atriotomy. All patients received an undersized annuloplasty with a complete ring, rigid or semirigid (Seguin; St Jude Medical, Inc., MN, USA; Carpentier-Edwards Physio-Edwards Lifesciences, CA, USA; Geoform-Edwards Lifesciences, CA, USA). As a general rule, the implanted ring was about two sizes smaller than the measured intertrigonal distance of the MV. An intra-aortic balloon pump (IABP) was prophylactically inserted in patients with extremely severe LV dysfunction through the right femoral artery. We used this approach both in ischaemic and non-ischaemic patients in order to decrease the afterload in the early phase of the postmitral repair.
Percutaneous edge-to-edge repair with MitraClip implantation
The procedure was performed under general anaesthesia in a hybrid operating room, under TEE and fluoroscopic guidance. Live real-time 3D echocardiography was used to improve the conduct of the implantation. Transeptal puncture was performed using a Brockenbrough needle through peripheral venous access at the right groin. A steerable guide catheter was advanced into the left atrium through the transeptal puncture. The delivery system was inserted and the MitraClip device was implanted in correspondence with the origin of the regurgitation jet, perpendicularly to the coaptation line. If the effect of the implant was satisfactory, the clip was deployed. When necessary, more than 1 clip was implanted. The comprehensive description of the procedure is reported elsewhere [11] .
Patient selection
Patients were selected if they met basic criteria for intervention from the European Society of Cardiology Task Force recommendation on the management of valvular heart disease [12] .
All the patients underwent transthoracic echocardiography (TTE) followed by TEE examination at baseline. The severity of FMR was graded as: mild, 1+ ( jet area/left atrial area <10%); moderate, 2+ ( jet area/left atrial area 10-20%); moderately severe, 3+ ( jet area/left atrial area 20-45%) and severe, 4+ ( jet area/left atrial area >45%). The vena contracta width at the narrowest portion of the regurgitant jet and the site of origin of the jet were also assessed. Other echocardiographic measurements included LV end-diastolic diameter (LVEDD) and end-systolic diameter (LVESD), LVEF calculated with the Simpson method, MV tenting area and coaptation depth in mid-systole at the level of the regurgitant jet. In case of severe LV dysfunction, dobutamine stress echocardiography was performed to assess the presence of a contractile reserve. This information was useful to better define the surgical risk and, in patients who were ischaemic DCM candidates for surgery, to distinguish those who could benefit from concomitant myocardial revascularization.
In the last years, since the MitraClip program was started in our institution, the individual selection of treatment (surgery vs. MitraClip) was based on a multimodality decision-making process including the evaluation of surgical risk by logistic EuroSCORE (http://www.euroscore.org/) as well as adjunctive risk evaluation such as the presence of advanced liver cirrhosis, severe neurological impairment and frailty.
Preoperative echocardiography played a critical role in patient selection for MitraClip implantation, according to the EVEREST criteria for FMR (central MR with a basal area >4 cm 2 , coaptation length of at least 2 mm, coaptation depth <11 mm) [8] . However, several patients with criteria beyond EVEREST recommendations were treated.
Follow-up
All the patients were followed up after discharge in a dedicated outpatient clinic with physical examination, ECG, TTE and arrhythmology consultation whenever indicated. The first followup was performed 3 months after the surgery and then every 6 months. Follow-up was 100% complete.
Statistical analysis
Statistical analysis was conducted using the JMP 8.0 software (SAS Institute, Inc., NC, USA). Continuous variables are presented as mean ± SD or as median (IQR: Q1-Q3) and categorical variables are expressed as percentages. Univariable comparisons were performed with Student's unpaired or paired t-test for continuous normally distributed data, which was tested by the Shapiro-Wilk normality test. The Mann-Whitney rank sum test was used for comparisons of non-parametric continuous data and the Chi-square test for categorical data. Survival and freedom from ≥3+ were reported using the Kaplan-Meier method and the log-rank method was used for comparison. A P-value <0.05 was considered statistically significant, and all reported P-values are two-sided.
The univariate analysis of the predictor of in-hospital death was performed with nominal logistic regression.
RESULTS

Patient characteristics
A total of 143 patients with severe FMR were treated between 2001 and 2011: 91 patients (63.3%) underwent surgical mitral repair (49% ischaemic aetiology; 51% idiopathic dilated cardiomyopathy) and 52 (36.4%) underwent Mitraclip implantation (71% ischaemic aetiology; 29% idiopathic dilated cardiomyopathy). Associated procedures in the surgical group were myocardial revascularization in 35%, tricuspid repair in 25% and atrial fibrillation ablation in 26%; isolated mitral repairs without associated procedures were performed in 32/91 patients (35% of the surgical patients). One patient of the MitraClip group had PTCA the day before the Mitraclip implantation.
Patients who underwent MitraClip implantation patients were older (P = 0.04) and had a higher predicted surgical risk with log EuroSCORE (P < 0.0001). The prevalence of chronic renal failure (CRF), chronic obstructive pulmonary disease (COPD, defined as FEV 1 /FVC < 0.7), previous cardiac surgery, cerebrovascular disease and diabetes was significantly higher in patients treated by the MitraClip device. The demographic and clinical features of the patients are shown in Table 1 .
Patients who underwent MitraClip therapy had a more advanced LV systolic dysfunction: preoperative echocardiography revealed a lower LVEF (P = 0.006) and a higher LV diameter (P = 0.01 for LVEDD and P = 0.05 for LVESD). Table 2 shows the preoperative echocardiography of the two groups in detail.
Procedural and in-hospital outcomes
In-hospital mortality was 6.6% in the surgical group (6/91 patients: 2 patients died from acute cardiogenic shock, 3 from multiorgan failure secondary to Gram negative sepsis, 1 after emergent MV replacement due to endocarditis). No in-hospital deaths occurred in patients treated by MitraClip (P = 0.01).
The procedural success of the MitraClip procedure was 98.1%: one patient was converted to conventional surgical MV replacement because of a posterior leaflet laceration. One clip was implanted in 11 patients, two clips were implanted in 38 and three clips were implanted in 3.
Prophylactic support with IABP was used in 46 patients (50.5%) in the surgical group and in 1 (1.9%) in the MitraClip group (P < 0.0001); IABP support was required during the postoperative course in the adjunctive 14 patients (15.4%) in the surgical group and in 6 (11.5%) in the MitraClip group (P = 0.5).
The incidence of postoperative major infection or sepsis was higher in the surgical group (16.3 vs. 3.8%; P = 0.01). Three patients of the surgical group and the patient of the MitraClip group who had conversion to surgery underwent surgical revision for mediastinitis.
No differences were observed in terms of acute renal failure, need for high-dose inotropic support, cerebrovascular accident and acute myocardial infarction between the two groups.
Postoperative median length-of-stay (LOS) was 11 days (IQR: 7-19 days) for surgery and 5 days (IQR: 4-9 days) for MitraClip (P < 0.0001).
Predischarge echocardiography showed a residual MR ≥ 3+ in 0 patients of the surgical group and in 5/52 patients (9.6%) for Mitraclip (P = 0.002). Figure 1 shows the predischarge MR grade in the two groups. The majority of the patients who underwent MitraClip implantation were discharged home (32/52 patients, 61.2% of the total), while all surgical patients were transferred to a cardiopulmonary rehabilitation facility. Table 3 summarizes the periprocedural results.
Surgery was identified as the only individual predictor of in-hospital death at logistic analysis (OR: 2.61; P = 0.01), independently from preoperative status, comorbidities, LV function and dimensions.
Follow-up
Follow-up was 100% complete (median 18; 6.4-45 months for surgery and 8.5; 4-12 months for Mitraclip).
Cumulative cardiovascular death was 9.9% in the surgical group (9/91 patients: 2 patients died from ischaemic stroke, 2 from bacterial endocarditis, 2 from acute cardiogenic shock and 3 from multiorgan failure secondary to Gram negative sepsis) and 3.8% in the MitraClip group (2/52 patients: 1 patient with residual moderate to severe MR died from refractory heart failure and 1 from acute pulmonary oedema and superimposed pulmonary infection) (P = 0.2).
Actuarial freedom from MR ≥ 3+ at 1 year was 79.1 ± 8% for MitraClip and 94 ± 2% for surgery (P = 0.01) (Fig. 2) .
Actuarial survival at 1 year was 88.9 ± 3.5% for surgery and 87.5 ± 7% for Mitraclip (P = 0.6) (Fig. 3) . In both groups, an improvement in LVEF was documented [from 32.1 ± 8.6 to 38.6 ± 11.3% for surgery (P < 0.0001) and from 27.7 ± 10 to 35.3 ± 10.8% for MitraClip (P = 0.0002)].
Reduction in LV dimensions was observed in both groups: LVEDD decreased from 66.4 ± 8.5 to 58.5 ± 10.1 mm in patients who underwent surgery (P < 0.0001) and from 70.2 ± 7.7 to 65.4 ± 8.3 mm in patients who underwent MitraClip implantation (P = 0.005). A decrease in sPAP was present in both groups (from 43.9 ± 12.4 to 37.7 ± 10.7 mmHg for surgery and from 46.9 ± 15.4 to 41.7 ± 15.9 mmHg for MitraClip, P = 0.006 and P = 0.007, respectively).
At 1-year follow-up, 88.7% of the patients of the surgery group and 84.1% of the patients of the MitraClip group were in NYHA functional class I-II (P = 0.6). In the MitraClip group, 47.7% of the patients were asymptomatic (NYHA class I), compared with 22% of the patients of the surgical group (P = 0.006) (Fig. 4) .
Long-term follow-up was available only for the patients who underwent surgery (29.7 ± 28 months): the latest echocardiography showed an LVEF of 37.8 ± 10.9% and an LVEDD of 59.1 ± 9.6 mm. No cases of mitral stenosis were observed. Freedom 
DISCUSSION
Functional MR is associated with a poor prognosis in heart failure patients with post-ischaemic or idiopathic dilated cardiomyopathy [13, 14] . In severely symptomatic patients with severe FMR despite optimal medical therapy and cardiac resynchronization therapy, surgical mitral annuloplasty may be considered [15] . Surgical correction of FMR is controversial, because FMR is the consequence, and not the cause, of an LV dysfunction. Prospective randomized trials to determine whether surgical correction of FMR improves mortality and heart failure in this mainly ventricular disease have never been conducted. The most important benefits of surgical treatment are improvements in symptoms and quality of life, which have been reported in several studies [16] . Moreover, after the surgical treatment of FMR LV reverse remodelling has been observed in a substantial proportion of patients [4] . Operative mortality after mitral surgery for FMR is not negligible, ranging from 8.8 to 21% [17] [18] [19] [20] , and the number of patients with severe FMR who are not referred for surgery because of high surgical risk, advanced age and comorbidities is increasing [6] .
Surgical experience suggests that edge-to-edge repair in the absence of concomitant annuloplasty is associated with a higher incidence of late reoperation compared with patients who have annuloplasty [7, 21] . The clinical proof for a ringless endovascular approach was provided by Maisano et al. [22] who reported mid-term results comparable to conventional repair techniques with annuloplasty with isolated edge-to-edge repair in wellselected patients with preserved annular function.
The safety and the efficacy of the percutaneous edge-to-edge with the MitraClip have been initially tested in the EVEREST I trial [8] and then compared with surgery in the randomized EVEREST II trial. The results of the randomized EVEREST II trial showed that in carefully selected patients, the MitraClip treatment is superior in safety, with an acceptable margin of decreased efficacy in reducing MR compared with surgery [9] . However, most of the patients enrolled in the EVEREST trial had degenerative MR.
On the basis of the good results that have been reported with the surgical treatment of FMR with the edge-to-edge technique [23] , the percutaneous edge-to-edge technique with MitraClip implantation has been used for FMR in high-risk end-stage patients with results showing it to be safe and efficacious [10, 24, 25] .
The preliminary results of the ACCESS registry, an ongoing observational post-marketing registry in which >70% of the patients treated with MitraClip were high-risk surgical candidates with FMR, showed the excellent efficacy and safety of the procedure, with almost all patients experiencing MR reduction with a hospital mortality of 2% (Maisano F In the present study, the single-centre experience with the percutaneous treatment of FMR in selected high-risk patients was retrospectively compared with a surgical series of patient who underwent undersized mitral annuloplasty.
Safety
The results of the present study confirm the safety of MitraClip therapy in the setting of FMR, even in the presence of an extremely high surgical risk. Patients who underwent MitraClip therapy had lower EF, more advanced ventricular remodelling and more dilated mitral annulus, reflecting a more advanced phase of the disease. Moreover, patients who underwent MitraClip implantation had a log EuroSCORE >2-fold higher than patients of the surgical group and the copathologies burden was heavier in the MitraClip patients (CRF, diabetes, pulmonary disease, concomitant coronary artery disease).
In spite of a much worse risk profile at baseline, the MitraClip was associated with a lower hospital mortality than surgery (0 vs. 6.6%; P = 0.01), shorter postoperative LOS (11 days for surgery and 5 days for MitraClip; P < 0.0001) and reduced major infections occurrence (3.8 vs. 16.5%; P = 0.02). Moreover, the majority of the patients who underwent MitraClip implantation had a fast recovery and were discharged home.
These results point out the concept that in end-stage patients who are not amenable for surgery a less-invasive approach, like MitraClip therapy, should be considered, in order to improve clinical outcomes. Despite good results having been reported also in the presence of an adverse valve morphology [25] , the anatomical eligibility of the patients remains an open issue.
On the other hand, in-hospital mortality in the surgical group was acceptable and congruent with other surgical series [17] [18] [19] [20] , confirming that appropriate patient selection is the key to achieving good results.
Despite the higher rate of MR recurrence and the potential advantages of the associated surgical procedures (atrial fibrillation ablation, tricuspid repair and myocardial revascularization), it is interesting to point out that actuarial survival at 1 year was similar between the two groups and that an improvement in functional status was achieved in all the patients with the majority of the patients in NYHA functional class I-II at 1-year follow-up, of whom 47.7% in the MitraClip group and 22% in the surgical group were asymptomatic. 
Efficacy
Residual MR after surgical repair is associated with poor survival. Crabtree et al. reported an actuarial survival of 76.4% at 3 years and 65.1% at 5 years after surgery in patients with 0 to 2+ MR postoperatively vs. 61.3 and 35.8% in patients with 3-4+ MR (P = 0.003) [25] . Moreover, in a surgical series of 111 patients De Bonis et al. [4] reported that the progression of LV remodelling paralleled the recurrence of MR after repair and it was associated with poor outcome.
In our experience, all the patients who underwent MitraClip therapy had an acute reduction in MR grade after the procedure: MR grades of 2+ or less were acutely achieved in 96% of the patients. This result is significantly higher than the 74 and 76% reported in EVEREST I and EVEREST II trials, respectively, in which the majority of the patients had degenerative MR [8, 9] , suggesting that MitraClip therapy could be more effective in the treatment of FMR. Moreover, it has been observed in our experience that often >1 clip has to be used (78.8% of the cases) in order to obtain an acceptable reduction of the regurgitant jet.
When compared with the surgical group, incidence of residual MR at discharge was higher in patients who underwent MitraClip therapy (9.6% of the patients in the MitraClip group had MR ≥ 3+, compared with 0% of the patients in the surgery group −P = 0.002).
At 1 year, freedom from MR ≥ 3+ was significantly lower in patients who underwent surgery compared with the MitraClip treatment, confirming the higher efficacy of surgery in FMR. Despite the higher MR degree in the MitraClip group, improvement in LV systolic function and a certain degree of LV reverse remodelling were documented in both groups at follow-up.
In conclusion, this study shows that MitraClip therapy in selected high-risk patients with FMR is a safe procedure and can be accomplished with lower morbidity and mortality and shorter LOS compared with a retrospective surgical series, in spite of a much worse risk profile at baseline. Mid-term survival and improvement in functional status were similar between MitraClip and surgery.
Despite an acute reduction of MR being obtainable in the majority of the patients after a MitraClip, surgical undersized annuloplasty is associated with a significantly higher efficacy than MitraClip in reducing MR both at hospital discharge and at 1 year. Further studies would be needed to determine the clinical impact of residual MR after a MitraClip implantation.
MitraClip is a good alternative to surgery in patients with adequate anatomy who are considered inoperable or with a high surgical risk and should be considered an important clinical option in the multidisciplinary treatment of heart failure. The precise role of MitraClip in heart failure patients has to be defined, with further studies specifically addressing the setting of FMR.
LIMITATIONS
This study was an observational, retrospective single-centre study; therefore the size was too small to make firm conclusions. The groups were not randomized into the different treatment arms, and results include the initial learning curve. Moreover, the two groups of this study were not numerically homogeneous. Randomised selected groups would be required in a prospective study in order to compare the different treatments and to eliminate selection bias and to make direct comparisons of the results.
Another important limitation is that the follow-up of the patients of the MitraClip group was shorter than the follow-up period of the surgical group. Moreover, the selection bias was accentuated because the two treatments were available at the same time only for the last 3 years (MitraClip program started in 2008 in our institution).
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Dr Mochtar: The surgery group was a historical control group; they had a longer follow-up. How could you make the statement about efficacy and durability of the MitraClip procedure compared to the surgery group, especially the surgery group which also had concomitant procedures?
Dr Taramasso: It is certainly difficult to answer this question because we have no data about long-term follow-up of MitraClip patients. It has to be considered that in patients of the surgical group, associated procedures such as ablation of atrial fibrillation and myocardial revascularization could improve results. But in our experience we also observed an improvement of LV ejection fraction and reduction of LV dimensions in MitraClip patients who had not had associated procedures. Another issue is that patients treated by MitraClip, of course, did not have annuloplasty. We know that at long-term follow-up this may lead to redilatation of the annulus and relapse of mitral regurgitation, so we have to wait for the long-term result of MitraClip patients.
Dr Mochtar: I hope we see the long-term results later. Dr U. Von Oppell (Cardiff, UK): I've got no problem with the MitraClip data. Can I take the patients that you compared them to, the surgical group, a bit further? Your group has actually published far superior surgical results than you've presented in this group. So what were the criteria that you used to select the specific surgical patients in this study? They weren't consecutive. You've got a coaptation depth mean in your surgical group of 1.2 cm, yet your group in 2005 stated that any patient who had a coaptation depth more than 1.0 to 1.1 cm would automatically get an Alfieri stitch and you published superb results. So how did you select or super select the surgical patients that you've used to benchmark the MitraClip to?
Dr Taramasso: These patients are not consecutive. It is a control series that we selected according to the fact that the patients had very complete followup data. They are closely followed up in our outpatient clinic dedicated to the surgery of functional mitral regurgitation, and so we selected all the patients in whom we had the more complete data.
Dr Von Oppell: But that doesn't make sense. You're comparing apples with oranges and plums.
Dr Taramasso: Yes, this was stated in the limitations of the manuscript. Dr Von Oppell: I'm sorry, but you've now come out with a statement saying that MitraClip is equivalent if not superior and better than surgical, and you have super selected a surgical group that is the worst group in your practice. You've previously published superb surgical results. Why didn't you compare the MitraClip to your best surgical results?
Dr Taramasso: But I agree with you that MitraClip therapy is not superior to surgery. It is the conclusion of the manuscript. MitraClip is an alternative to surgery only in the patients who are not amenable to surgery. It is not a comparison in favour of MitraClip because the two groups were totally different.
Dr O. Alfieri (Milan, Italy): Certainly there are many limitations of this study. The two groups are different and patients submitted to surgery are patients in better condition. The patients treated with MitraClip were at very high risk for surgery. This paper shows that even a high-risk patient for surgery can be treated with satisfactory peri-procedural results because the procedural mortality is zero in MitraClip patients. So this is really the measure of the paper. You are right in many aspects. There are two different categories of patients. But really, the purpose of the paper is to show that in severe heart failure, the MitraClip can be a solution.
Dr R. Klautz (Leiden, Netherlands): May I make one remark: Beauty is always in the eye of the beholder. And if you look at the data the way you look at it, it looks like a very promising result. But if you look at it in the more longer term, you see that obviously the nonsurgical group has a better in-hospital outcome than the surgical group, but the attrition rate at one year is much more in the MitraClip procedure. So at one year the mortality in the MitraClip group is already compensating for the surgical mortality in the surgical group. So what do you expect is going to happen in 2 or 3 years? Dr Taramasso: We will see. It's a good point. But one-year mortality between the two groups was similar. The preoperative worse condition of MitraClip patients did not affect the one-year mortality. We don't know further than one year; we continue to follow these patients.
Dr Klautz: It looked very much like CABG versus PCI. CABG has a higher immediate rate and after several years you get your benefits.
Dr M. De Bonis (Milan, Italy): I think that, of course, everybody is waiting for the long-term results. What we have learned so far is that MitraClip is very safe, that's the point, in patients who are considered very high-risk for surgery.
In terms of results, as you notice, we had no more than 2+ residual regurgitation in the surgical group at discharge and we had some cases in the MitraClip. My bet is that in the future we will still have safety from the MitraClip but a higher recurrence rate in the MitraClip group, but I might be wrong. So that's just a consideration.
I'd like to go to the technical issue raised by Professor Von Oppell. He is right, coaptation depth in this series is 1.2. We reported that in patients with a coaptation depth higher than 1 cm, we have been using an associated edge-to-edge procedure in the initial phase of our experience. Now, the patients in this study were just patients with undersized annuloplasty. Indeed, after the initial phase, we have been using rings such as the GeoForm also for patients with much higher coaptation depth, greater than 1 cm. That can explain why you have a mean value of 1.2 in isolated undersized annuloplasty, because starting from 2004, the GeoForm was implanted also in patients with 1.5, 1.6, 1.4 coaptation depths. That explains the difference between the different publications.
